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Abstract
Much of what we know about Asian elephant (Elephas maximus) behavioral ecology is
the result of long-term ethological studies on wild elephants in India and Sri Lanka or
experimental research on captive elephant behavior and cognition. While it is important to study
the behavior and ecology of elephants to understand the evolution of adaptations that have made
them well-suited for their natural environments, there is also a growing need to study populations
of wild Asian elephants for applied conservation purposes. More specifically, elephants are
endangered and are facing increasing threats such as human-elephant conflict. In this study,
behavioral data were collected via camera traps across two overarching locations in the Salakpra
Wildlife Sanctuary in Kanchanaburi, Thailand: (1) at watering holes inside a protected area, and
(2) at crop fields bordering it. Video footage from the study sites was analyzed to broadly assess
the proportion of individuals engaged in a variety of species-specific behaviors, as well as to
compare social behavior between the two locations. Additionally, comparisons were made to
assess if certain behaviors occurred at higher rates in the daytime or nighttime. The results
indicate that (1) individuals in this population of wild Asian elephants were engaging in a variety
of species-specific behaviors such as locomotion, social, and physical maintenance behaviors;
(2) there is a significant difference in the rate of social behavior based on the location of the
elephants in relation to their proximity to humans (i.e., inside of the protected area compared to
around crop fields); and (3) physical maintenance occurs at a significantly higher rate during the
day than at night. To my knowledge, this study is among the first to use video collected from
camera traps to investigate the behavior of a population of wild Asian elephants in a Salakpra
Wildlife Sanctuary in Thailand. While this study provides a general overview of wild Asian
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elephant behavior, future investigations that take individual identity of observed elephants into
account will provide greater detail about individual variation in behavior and choice of location.
Keywords: Asian elephants, wild, behavior, activity, time of day, camera traps, social
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The Impact of Location and Time of Day on the Expression of Social and Physical
Maintenance Behaviors in Wild Asian Elephants (Elephas maximus) in Thailand
Elephants are charismatic creatures that have a long history with humans (see, e.g., de
Silva et al., 2011; Fowler & Mikota, 2006; Lair, 1997; Bates & Byrne, 2007). In Asia
(Srikrachang, 2003; Baker & Winkler, 2020) they have served in war and work, been viewed as
beasts of burden and subjects of worship, and have been feared and loved (see, e.g., Sukumar,
1989; Baker & Winkler, 2020; Fowler & Mikota, 2006; Lair, 1997; Bates & Byrne, 2007). Asian
elephants are highly social, intelligent, and cognitively complex creatures (see, e.g., Rensch,
1957; Plotnik et al., 2011; Polla et al., 2018; Bates et al., 2008; Vidya, 2014; Foerder et al., 2011;
Hart et al., 2001; Dale & Plotnik, 2017; Mizuno et al., 2016). To date, much of what is known
about elephants stems from either 1) long-term ethological studies on wild elephants or 2)
experimental research on captive elephant behavior and cognition. For example, de Silva &
Wittemyer (2012) investigated wild herds of both African savannah and Asian elephants to
compare their social structures. In captive settings, many researchers have investigated elephant
sensory perception and cognition (Bates et al., 2008), using visual, olfactory, and auditory cues
to explore their cognitive abilities (see, e.g., Plotnik et al., 2014, 2019; Ketchaisri et al., 2019;
Polla et al., 2018; Arvidsson et al., 2012). However, what remains unknown is the behavior of
wild Asian elephants in Thailand.
Recently, some studies have attempted to bridge this gap, specifically studying the
behavior of wild Asian elephants in a variety of situations. For example, Mizuno et al. (2017)
conducted observations on wild Asian elephants crossing the road in India to investigate
collective behavior and decision making when in a dangerous situation. Ranaweerage et al.,
(2015) studied wild Asian elephants in a protected area in Sri Lanka to investigate if tourism
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within the protected area affected elephant behavior. While behavior is becoming an increasingly
well studied topic, the impact of location and if behavior occurs at different rates during the day
is important to consider for wild Asian elephants living in increasingly human-dominated
landscapes. In an attempt to begin to bridge this gap and highlight the importance of studying
elephant behavior, specifically in relation to proximity to humans, I will present a 1) brief
historical overview of observational methods and camera trapping and 2) gathering elephant
behavior from a wild population using video footage.
The most fundamental method for observing animal behavior is through direct
observation. Historically, this method has been successful and is still commonly used in research
today, however, a disadvantage to direct observation is the potential for human presence to
disrupt the animals being observed. Given that direct observations can impact the study animals,
camera traps create a scenario where humans do not have to be present at the location in order to
observe the animal(s) (van Schaik & Griffiths, 1996; Trolliet et. al., 2014). Even though
researchers do not have to be present, camera traps emit sound when operating and a concern is
that this noise may disrupt wild animals. Meek et al. (2014) tested a dozen camera traps from
various brands to determine that the noise produced by camera traps is in a discernible range for
many mammals, however, it is likely that this noise is less disturbing than if human observers
were present (Bridges & Noss, 2011; Meek et al., 2014).
Within the last few decades, camera traps have been used as a reliable, noninvasive
method of collecting data on wild populations of animals (Swinnen et al., 2014), in an attempt to
alleviate some of this human disruption (van Schaik & Griffiths, 1996; Bridges & Noss, 2011).
Camera traps have many advantages when being used to study animals in the wild, however the
disadvantages are less represented (Swann et al., 2011) (Table 1). At the end of the 1980s,
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camera traps, cameras that can be installed remotely and triggered for later data retrieval like the
ones sold today, became commercially available for purchase (Trolliet et al., 2014). Eventually,
cameras became more portable, accessible, and advanced. By the 1990s, cameras with infrared
technology were invented, allowing the camera to be triggered by the animals’ presence and
movement in the daytime and nighttime (Kucera & Barrett, 2011). It was also during this time
that the use of camera traps began to emerge in studies focused on measuring density,
abundance, and censusing of wild animals.
Table 1
Brief Overview of the Advantages and Disadvantages of Using Camera Traps
Advantages

References

Humans do not have to be present

van Schaik & Griffiths, 1996; Trolliet et. al.,
2014

Camera traps are portable, accessible, and
advanced (i.e. automatic focusing)

Trolliet et al., 2014; Kucera & Barrett, 2011;
Swann et al., 2004

Camera traps are weatherproof, can be
attached to trees

Swann et al., 2004

Infrared technology for nighttime
observations

Kucera & Barrett, 2011

Effective tool to use for studies in remote
areas

O’Connell, Nichols, & Karanth, 2011;
Kucera & Barrett, 2011; Trolliet et al., 2014
Holden et al., 2003

Gain more information than feasible with
direct observations

Griffiths & van Schaik, 1993
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Camera traps provide a glimpse into the lives Caravaggi et al., 2017
of wild animals, including their behavioral
repertoires
Modern camera traps have video recording
technology, allowing for new research
opportunities

Bridges & Noss, 2011

Disadvantages
Noise and visual presence of camera traps in
the animals’ natural environment may be
disturbing

Bridges & Noss, 2011; Meek et al., 2014

Technological failure

Swann et al., 2011; Caravaggi et al., 2017

In the 1990s, camera traps were being used for the first time in conservation efforts. Early
studies that used camera traps were conducted on mammals, avian species, and carnivores
(Kucera & Barrett, 2011) including estimating the population of wild tigers in a national park in
India (Karanth, 1995) and investigating the impact that humans have on wildlife in Sumatra
Griffiths and van Schaik (1993). By the 2000s, studies became more diverse in not only study
topics, but also the locations and species studied. Although the use of camera traps to monitor
activity in animals initially started in the late 1950s with California voles (Microtus californicus),
observing the activity patterns of wild animals was less commonly studied (Kucera & Barrett,
2011). Instead of having a focus on behavior, most camera trap studies have used this tool to
survey populations and investigate topics such as wild animal abundance and density. Burton et
al. (2015) report that out of the 266 camera trap studies they reviewed, detection, relative
abundance, and behavior were the top three study topics reported for camera trap use (camera
traps were used to study behavior in approximately 32% of the studies). Behavioral studies using
camera traps have most extensively been conducted on birds to monitor nest predation, as well as
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circadian rhythm, foraging, niche partitioning and social systems, habitat use, and reproduction
in birds and other species (Bridges & Noss, 2011).
Regardless of study topic or species, camera traps have become an effective tool to use
for studying animals in remote areas of the world. Camera traps represent a versatile apparatus to
capture rare, nocturnal, or even presumed extinct species in the wild (O’Connell, Nichols, &
Karanth, 2011; Kucera & Barrett, 2011; Trolliet et al., 2014), such as confirming the presence of
an endangered species, the Asian tapir (Tapirus indicus), which is known to be shy and therefore
a challenge to study (Holden et al. (2003) and collecting an unbiased estimate of a population’s
sex ratio (Griffiths & van Schaik, 1993).
Asian elephants are found in 13 Asian countries (Lair, 1997; The Asian Elephant
Specialist Group, n.d.; Menon & Tiwari, 2019) and their home ranges can vary, although they
normally stay close to a water source (Schulte, 2006). As of 2019, the International Union for the
Conservation of Nature (IUCN) assessed the conservation status of Asian elephants in the wild
as endangered (Williams et al., 2020), with an estimated total of 48,323-51,680 remaining in the
wild, and 3,126-3,341 in Thailand alone (The Asian Elephant Specialist Group, n.d.; Menon &
Tiwari, 2019; Williams et al., 2020). Asian elephants are keystone, umbrella, and flagship
species (Perera, 2009) that have national, cultural, and religious value in Thailand (Mitchell et
al., 2013). There are 69 protected areas in Thailand where wild populations reside (AERSM,
2017; The Asian Elephant Specialist Group, n.d.).
In elephant research, camera traps have served as an effective tool to identify Asian
elephants, as well as assess sex and age (Varma et al., 2006), monitor activity patterns (van
Schaik & Griffiths, 1996; Gray & Phan, 2011), investigate activity budgets (Grassman et al.,
2006), and determine habitat preferences near villages (Gray & Phan, 2011). Camera traps have
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been used in the study site, the Salakpra Wildlife Sanctuary in Thailand, to gather demographic
information of the elephants (Chaiyarat et al. 2015). Through this investigation, researchers were
able to distinguish three groups of elephants containing 123, 30, and 27 individuals, noting that
elephants were most abundant at water sources, and that the number of elephants in Salakpra was
increasing. Although Grassman et al. (2006) used photographs from camera traps in Thailand to
assess when animals, including elephants, were most active according to when the camera was
triggered, they did not use camera traps to investigate behaviors. A literature review revealed that
the use of video recordings from camera traps have not been previously used to monitor the
behavior of wild Asian elephants in Thailand, particularly in an area such as Salakpra Wildlife
Sanctuary, which is an area that is experiencing human-elephant conflict (HEC).
HEC can occur when humans and elephants overlap and often compete for the same
resources, resulting in a negative interaction between the two (Mumby & Plotnik, 2018; Parker et
al., 2007). HEC is an increasing problem in many Asian elephant range countries, because of
habitat fragmentation, wild elephants have smaller areas to roam within protected areas which
are surrounded by agricultural fields and villages (Menon & Tiwari, 2019). HEC and cropraiding has been documented for many years, with the earliest report of crop-raiding in Thailand
around the Salakpra Wildlife Sanctuary recorded in 1982 (Sitati, 2007; Mitchell et al., 2013).
Over a 5-year period beginning in 2006, crop-raiding around Salakpra Wildlife Sanctuary rose
from 0.3% to 43% (The Elephant Conservation Network, 2012) and continues to rise around
other protected areas throughout Thailand (Parr et al., 2008). Given this, it is important to study
the behaviors of the elephants in this location because they are a breeding population (Mitchell et
al., 2013) and knowledge about their behavior in their natural environment will be crucial to
ensuring their future.
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Although the present study does not solely focus on HEC, we aim to increase knowledge
about typical wild Asian elephant behavior in this ecosystem to better understand how elephants
adapt to change in human-dominated environments. For this reason, the present study focuses on
the behavior of wild Asian elephants in Thailand at two overarching locations: watering holes
inside of the protected area and crop fields close to its border. These two locations have different
contextual environments that might affect elephant behavior. At the watering holes that are
inside of Salakpra, there are few opportunities for the elephants to come into contact with
humans as the sanctuary is off-limits to humans other than park staff and researchers. The crop
fields that border the protected area, on the other hand, are regularly patrolled by farmers who
actively work to prevent elephants from foraging on their crops. Monitoring the activity patterns
of the elephants in this area will add to the understanding of behavior and how it is impacted by
location and time of day.
In the wild, Riyas Ahamed (2015) observed 16 behavioral patterns in a total of 60 Asian
elephants. Interestingly, certain behaviors were exclusively seen in males, females, and calves.
(Ahamed, 2015). In addition to behavioral patterns, activity budgets conducted in the wild can
indicate seasonal eating preferences. For example, one study found that elephants in Indonesia
browse more during the wet season and graze more in the dry season, which is the opposite of
what the researchers expected (Sitompul et al., 2013). In both wild and captive settings, activity
budgets have been valuable for answering questions about how, when, and what elephants are
doing in their environments. Many previous studies conducted in captive settings, especially
zoos, have investigated how elephants spend their time (see, e.g., Lukacs et al., 2016; Powell &
Vitale, 2016; Horback et al., 2014; Posta et al., 2013; Reese, 2009), however, little is known
about the behavior of wild Asian elephants in Thailand.
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Many researchers have pointed out that future work needs to focus on the effects of
human-wildlife conflict on activity patterns including if proximity to human populations and
disturbed areas changes activity budgets (see, e.g., Grassman et al., 2006; Vidya & Sukumar,
2005; Carter et al., 2012; Vidya & Sukumar, 2005; Carter et al., 2012). Given this, the present
study aims to investigate and determine which behaviors the elephants show, and how many
elephants are engaged in each behavior. Considering the advantages that camera traps provide,
they serve as an ideal and effective tool to observe animal behavior in a remote environment,
particularly for animals like Asian elephants. Camera traps enable researchers to collect behavior
of wild animals in great detail, and there is a growing need for more conservation-based studies
from camera trap footage, which can be valuable for many reasons. Camera trap data allows
researchers to look at relationships between individuals, social behavior, and the factors in the
wild that influence both (Caravaggi et al., 2017), which is extremely relevant to the current
situation for elephants across Asia.
The present study focuses on two overarching locations in a protected wildlife sanctuary
in Thailand, with sites both inside of the protected area and around the crop fields that border it,
outside of the protected area. These two different contextual environments might affect the rate
at which wild elephants are engaged in various behaviors, such as social behavior, along with the
possibility that behavior is influenced by time of day based on captive studies that have time of
day as a factor that influences the activity of captive elephants (Rees, 2009). To determine if the
rate of social behavior is different based on the location of the elephants in relation to their
proximity to humans and assess the impact of time of day on behavior, camera traps are an ideal
and unique way to address these questions.
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Predictions
Prediction 1. The average rate of engaging in social behavior varies across landscapes because
of location and proximity to humans, thus the calculated rates will reflect a higher average rate of
social behavior at watering holes inside Salakpra than around crop fields.
Prediction 2. Certain behaviors of wild Asian elephants will occur at different rates during the
day than those at night. Specifically, there will be a higher rate of social and physical
maintenance during the daytime than nighttime, and that rates for locomotion and foraging
behaviors will be higher at nighttime than the daytime.
Materials and Methods
Study Area
This specific population of wild Asian elephants resides in the Salakpra Wildlife
Sanctuary in the Western Forest Complex located in the Kanchanaburi Province of Thailand.
Salakpra was the first sanctuary in Thailand and was established in 1965 (Chaiyarat et al., 2015;
http://westernforest.org/en/Default.htm) and is located in what is considered a hotspot of
conservation for Asian elephants in the Western Forest Complex of Thailand, or WEFCOM
(Sitati, 2007). As of 2009, WEFCOM was home to the largest population of wild elephants in
Thailand (Oswin Perera, 2009). The WEFCOM is the largest conservation area in Thailand with
18,000km2 of protected land making it an important area for conservation focus (Mitchell et al.,
2013). Salakpra makes up 17.5% of WEFCOM (Micthell et al., 2013). A third of the wild
population of Asian elephants in Thailand reside in the WEFCOM (Mitchell et al., 2013), with
Salakpra having an estimated 150-200 individuals (Srikrachang, 2003; Chaiyarat et al., 2015), or
around 6% of the total wild population in Thailand.

15
BEHAVIOR IN WILD ASIAN ELEPHANTS
Within and around Salakpra, there are four study areas: Kaeng Khaep (KK), Khao Seua
(KS), Mae Pla Soi (MPS), and Tha Ma Now (TMN) (Figure 1). These four areas make up two
overarching study locations – watering holes inside the protected area where elephants are not
likely to encounter humans (KK & KS) and crop fields that border the sanctuary where conflict
with humans is more likely to occur due to proximity to the crop fields (MPS & TMN). The
crops grown in the area around Salakpra are cassava, sugarcane, banana, jackfruit, mango, and
tamarind (van de Water & Matteson, 2018) and the crops fields in our study area are owned by
several different farmers who specifically grow cassava, sugar cane, and corn.
Figure 1
Map of the location of the study area(s)

Note. Figure courtesy of the Plotnik lab at Hunter College.

16
BEHAVIOR IN WILD ASIAN ELEPHANTS
Permission
This study was approved by the Hunter College Institutional Animal Care and Use
Committee (JP-Elephant Behavior 5/21), and permission was granted to collect data in Salakpra
Wildlife Sanctuary by the National Research Council of Thailand and the Thai Department of
National Parks, Wildlife and Plant Conservation.
Camera Traps
A total of 34 Browning Spec Ops Advantage camera traps were positioned at the
project’s start, however, one of the cameras was stolen during the 9 months of data collection, so
data were collected from a total of 33 camera traps distributed around the four areas. There were
eight camera traps at KK, 11 at KS, six at MPS, and eight at TMN. The camera traps located at
KK and KS were positioned at two watering holes as well as salt licks. Figure 2 shows an
example of camera trap locations at a watering hole in KK. At MPS and TMN, cameras were
placed around the protected area near crop fields or on paths that elephants use to come in and
out of the protected area. The camera traps were set to detect motion from 80 feet at a fast trigger
speed of 0.4 seconds, and video length was set to capture in 20 second increments at a high
resolution of 30 frames per second. Time of day, temperature, and location were recorded within
the frame. Batteries were replaced and SD cards were retrieved biweekly by Salakpra rangers
and a full-time field research team. Video footage from the camera traps was then labeled and
sorted by the team and subsequently sent to students in the Plotnik lab at Hunter College in New
York, NY.
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Figure 2
An aerial view of a watering hole site inside of Kaeng Khaep (KK) with the location of 3 camera
traps -T10, T9, and T33

Note. Figure courtesy of the Plotnik lab at Hunter College.
Procedure
Because the footage from the camera traps is initially processed as 20 second clips, they
were compiled together into designated ‘observation’ periods for analysis. Each observation
consisted of clips that were recorded within 5 minutes of each other and were combined into one
video observation using iMovie. Observations range in size from as short as 20 seconds to over
30-minute-long videos depending on how many 20-sec clips occurred within the 5-min criterion
period. When using video-based camera trap data, a large proportion of captured video features
irrelevant images (e.g., other species, wind or tree movement, etc.), referred to as empty
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recordings (Swinnen et al., 2014). In the present study, empty recordings were excluded resulting
in 212 videos being excluded from the complete data set.
This study was part of a larger on-going project evaluating behavior, demographic
information, individual identification, and body state conducted by students in the Plotnik Lab at
Hunter College.1 Each student working with these data had to complete and pass inter-reliability
before coding for demography and behavior. To collect demographic data, which are being
analyzed as part of a separate MA thesis, students first had to meet 80% agreement on a subset of
20 observations. In order to begin coding behavioral data, students first observed and coded
behavior from a subset of 15 observations. Cohen's Kappa of 0.7 was used as the criterion to
begin coding behavioral data. This Kappa value is considered to be acceptable and “good”
(Cicchetti, 2001, p. 697) agreement for interrater reliability.
The behavioral information in the present study was constructed in a collaborative effort
between members of the Plotnik lab using other Asian elephant ethograms (see, e.g., Lukacs et
al., 2016; Horback et al., 2014; Posta et al., 2013; Sitmpol et al., 2013; Rees, 2009; Powell &
Vitale, 2016; Ahamed, 2015; Wilson et al., 2006) as well as the lab members’ experiences with
the species in both zoological and natural settings. The ethogram was listed in a hierarchical
order with behaviors that are commonly expressed in the species to include nine behaviors, two
body states, and one out-of-view category (Table 2). The hierarchy was defined based on
behaviors that students were most interested in prioritizing. More rare behaviors were higher in

1 Several

students, including Caitlyn Thai, Matthew Rudolph, Emma Nguyen, and Leah
Wersebe, contributed to the coded data used in the present study as well as other MA theses.
Although behavior was not analyzed, Sasha Montero used the same footage for a separate project
on identification of individuals.
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the hierarchy, therefore if multiple behaviors occurred at the same time, the rarer behavior was
recorded. Both behavior and body state were coded, but only behavior was analyzed.
Table 2
Ethogram of behaviors in the present study
Behavior

Category

Description

Social

Behavior

Any physical contact between elephants at the scan, or within 3
seconds before and after the scan (operationally defined as
within a bout)

Physical
maintenance

Behavior

Self-maintenance behaviors: dusting, bathing, wallowing not in
body contact, rubbing on dirt bank or tree

Self-directed
behavior

Behavior

Solitary play, trunk in mouth, irregular trunk movements

Forage

Behavior

Eating or in the process of eating not in body contact, can be
eating dirt/mud

Locomotion

Behavior

Purposeful movement not involved in other behaviors from one
point to another, even in the water

Drink

Behavior

Trunk in water or in mouth

Urinate/defec
ate

Behavior

Urination or defecation

Inactive

Behavior

Body still, not involved in any other behaviors

Other

Behavior

Unique behavior that is not classified in other behavioral code,
including mating
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Out of view

Both
Behavior and
Body State

Elephant partially in frame, but cannot see enough of their
body to record body state or activity budget (usually when
cannot see head)

Relax

Body State

Ears lying flat or flapping, could be slightly forward less than
perpendicular to the head

Alert

Body State

Ears out for a sustained period of time (>3 secs) perpendicular
to head or more, tail may be erect, trunk periscoping (trunk
extended upward or outward for 3 seconds or more to scan
environment)

Data Collection
Observations were viewed on VLC video player. Data were recorded via Microsoft Excel
and stored on a shared Dropbox server. Behavioral data from each observation were recorded by
several coders using instantaneous scan sampling of elephants in the frame every 30 seconds. A
buffer of plus or minus 3 seconds was used in order to capture the behavior occurring at the scan.
For example, at a 60 second scan, the observer could use 0:57-1:03 to determine if a behavior
was occurring.
Data Analysis
For each location, videos in which no elephants were detected, and overlapping views or
timestamps occurred, were excluded from the final analysis. Overlapping views could have
occurred because multiple cameras were placed at the same location but oriented at different
angles and could therefore capture the same individuals from two different angles. When videos
overlapped, one was chosen based on criteria in this order: longest observation, fewest out-ofview codes, most elephants, and fewest N codes. Additionally, the data from scans that only
contained out-of-view or N codes were eliminated before analysis because they did not contain
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behavior. Lastly, observations were categorized as day (6:00 am - 5:59 pm) or night (6:00 pm5:59 am) observations.
Prior to statistical analysis, the total numbers of each behavior in each scan were
calculated. Then, rates of behavior for each observation were calculated by taking the total
number of codes of each behavior, divided by the total number of elephants in the observation,
divided by the total scans in the observation. Rates were calculated in this manner to consider the
number of elephants and scans being different for each observation. These calculated rates of
behavior were then used in statistical analyses conducted with a free statistical computer
software, jamovi 1.2.27 solid for macOS (The jamovi project, 2020). The proportions of
individuals engaged in each behavior were calculated by taking the total codes of each behavior
from all locations and dividing by the total elephants observed. I calculated the proportion of
individuals because I did not follow individuals, and therefore cannot pair behavior with each
elephant to calculate an activity budget.
Prediction Analyses
Prediction 1. A Mann-Whitney U test was used to test for a difference in rates of social
behavior due to the data being not normally distributed. This test was used to compare if there
was a difference between the median rate of social behavior at watering holes (PA) and crop
fields (crop).
Prediction 2. A Mann-Whitney U test was used to test for a difference in rates of social
and physical maintenance behaviors during the day and night, specifically to test if these two
behaviors occurred more during the day than at night. A second test was run to test for a
difference in rates of foraging and locomotion behavior to determine if these two behaviors occur
more during the night than day.
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Results
A total of 916 observations spanning from January-September 2019, including 3,094 total
scans and 22 hours, 27 minutes, and 10 seconds of video footage, were included in the present
study. There were 718 night observations and 201 day observations across the 4 locations,
N=235, 455, 125, 101 for KK, KS, MPS, and TMN, respectively.
The results indicate that the nine behavioral codes from our ethogram are represented in
varying proportions of individuals engaged in each behavior across all observations. Figure 3
indicates that the highest proportion of individuals were engaged in inactive (30.08%),
locomotion (26.62%), and social behavior (20.77%), followed by maintenance (8.80%), drinking
(8.52%), foraging (4.82%), self-directed behavior (0.19%), other (0.11%), and
urination/defecation (0.09%) across all locations. It is important to note that drinking can only
occur at the watering hole locations (KK and KS).
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Figure 3
Pie chart displaying the proportion of individuals engaged in each behavior

Note. All locations in the present study included.
Prediction 1
Due to the non-normal distribution of the data, a Mann-Whitney U was conducted to
analyze the rates of social behavior between the two overarching locations. The results from the
Mann-Whitney U indicate that there was a significant difference (U = 66561, p < .001) between
the occurrence of social behavior in the protected area (PA) (Mean = 0.022, Median = 0.00, N =
690) compared to the crop land (crop) (Mean = 0.013, Median = 0.00, N = 226). Figure 4
indicates that social behavior occurred at a higher rate inside of the PA compared to the crop
fields.
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Figure 4
Box plot showing the average for rates of social behavior from outside of protected area and
protected area locations

Note. All data points are represented by the blue dots and outliers are represented by black dots.
Interquartile ranges are not visible due to the high number of zeros included in the dataset.
Prediction 2
The results from the Mann-Whitney U for social and physical maintenance indicate that
there was a significant difference (U = 57747, p < .001) between physical maintenance rates
observed during the day (Mean = 0.0295, Median = 0.00, N = 199) vs. the night (Mean =0.005,
Median = 0.00, N = 717), such that physical maintenance occurred at higher rates during the day.
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Figure 5
Box plot showing the average rates of social behavior according to time of day (day = 6:00 am 5:59 pm, night = 6:00 pm-5:59 am) from outside of the protected area and inside of the
protected area

Note. All data points are represented by the blue dots and outliers are represented by black dots.
Interquartile ranges are not visible due to the high number of zeros included in the dataset.
There was no significant difference between rates of social behavior observed during the
day (Mean = 0.0161, Median = 0.00, N = 199) and night (Mean = 0.021, Median = 0.00, N =
717), U = 68266, p = .064. The results from the Mann-Whitney U for locomotion and forage
behaviors indicate that there was no significant difference between rates of locomotion during
the day (Mean = 0.4194, Median = 0.20, N =199) or night (Mean =0.4674, Median = 0.25, N =
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199), U = 67744, p = .130 or foraging behavior during the day (Mean = 0.0165, Median = 0.00,
N = 199) or night (Mean = 0.0763, Median = 0.00, N= 717), U=68798, p = .092.
Figure 6
Box plot showing the average rates of physical maintenance according to time of day (day =
6:00 am - 5:59 pm, night = 6:00 pm-5:59 am) from outside of the protected area and inside of
the protected area

Note. All data points are represented by the blue dots and outliers are represented by black dots.
Interquartile ranges are not visible due to the high number of zeros included in the dataset.
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Figure 7
Box plot showing the average rates of locomotion according to time of day (day = 6:00 am 5:59 pm, night = 6:00 pm-5:59 am) from outside of the protected area and inside of the
protected area

Note. All data points are represented by the blue dots. The median is the horizontal black line.
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Figure 8
Box plot showing the average rates of forage behavior according to time of day (day = 6:00 am 5:59 pm, night = 6:00 pm-5:59 am) from outside of the protected area and inside of the
protected area

Note. All data points are represented by the blue dots and outliers are represented by black dots.
Interquartile ranges are not visible due to the high number of zeros included in the dataset.
Discussion
In this study, I aimed to investigate the expression of various behaviors in a population of
wild Asian elephants living in the Salakpra Wildlife Sanctuary in Kanchanaburi, Thailand.
Specifically, I investigated whether there were differences in the rates of these behaviors based
on where (crop fields vs. protected areas) and when (time of day) they were observed. The
results show that the nine behavioral codes from our ethogram are represented in varying
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proportions of individuals engaged in each behavior across all observations, which demonstrated
that this population of wild Asian elephants was engaging in a variety of naturally occurring,
species-specific behaviors, such as locomotion, social, and physical maintenance behaviors.
Not surprisingly, the rate of observed social behavior varied across the two landscapes I
studied (crop fields and protected areas). While more research is needed, we suspect this may be
due to the differences in the locations’ proximity to humans. Social behavior occurred at a higher
rate inside the protected area at watering holes, compared to around the crop fields, which are
locations near the sanctuary’s border with human-dominated areas. This is consistent with
previous findings that indicate that less social interaction occurs in highly disturbed, humandominated landscapes (Srinivasaiah et al., 2012). One reason for this is it is likely that elephants
are traveling in larger family groups near the watering hole locations; therefore, there are more
opportunities to engage in social behavior. Perhaps the proximity and human disturbance around
crop fields affected how often elephants engage in social behavior in these locations, if they
engage in it at all.
Another reason for this prediction is that I expected that elephants could be engaged in
other behaviors not mutually exclusive of social behavior, such as locomotion and foraging
around crop fields. Moreover, the rate of social behavior around the crop fields may have been
less than inside of the protected area because crop-raiding is predominantly performed by males
or small groups, i.e., 3-10 elephants (Sukamar, 1990), leaving less opportunities for social
interactions, which could explain why the rate of social behavior was significantly lower at our
crop field locations. Another possibility is that the crop-raiding elephants prioritize crop-raiding
and its potential reproductive benefits more than social interaction. Chiyo et al. (2011) found that
crop-raiding male African elephants were larger in size than non-crop-raiding elephants and
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therefore had increased mating success. Male elephants that crop-raid are taking a risk that
provides reproductive benefits, and the possible effects of sex and age warrant further
investigation.
Given that elephants have previously been categorized as cathemeral animals, one could
expect that their behavior would fluctuate throughout days and nights. The results of this study
suggest that a certain behavior occurred at different rates during the day than at night.
Specifically, physical maintenance occurred at a higher rate during the daytime than nighttime.
One reason for this might relate to the function of physical maintenance. In the present study,
physical maintenance is operationally defined to include dusting, bathing, wallowing, rubbing on
dirt banks or trees. Since elephants use many of these mechanisms as a form of thermoregulation
(Rees, 2002), it makes sense that they are occurring mostly during the day when the sun is out
and temperatures are higher than at night. Interestingly, none of the observations in my data set
contained physical maintenance behaviors for the crop field locations. This is potentially due to
the lack of a water source near the crop fields where the cameras were installed. However,
elephants could still have engaged in dusting at these locations, but they did not. Further
investigation is warranted to determine if location has an effect on the expression of physical
maintenance behavior.
Interestingly, I did not find that social, locomotion, or foraging behavior occurred at
significantly different rates according to time of day. Previous studies suggest that behavior
varies from day to day, more in the wild than captivity, and that behavior is arrhythmic and
irregular (Grassman et al., 2006), meaning that daily patterns of behavior in the wild might be
unpredictable. Although van Schaik & Griffiths (1996) as well as Gray & Phan (2011) indicated
that elephants in each of their studies were cathemeral, Thapa et al. (2019) reported that wild
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Asian elephants had an activity pattern that occurred mostly at night. The elephants in the present
study appeared to be more active overall during the night, as indicated by there being nearly
three times the amount of night observations than day observations captured by the camera traps.
However, there was no statistical difference in rates of behavior observed between the two
observation periods in this study. Given that this population of elephants reside in an area that is
close to humans and always changing due to HEC, I would have expected time of day to have a
large impact on activity. I expected social behavior to occur more during the day since HEC
occurs more at night and this disturbance could impact social behavior.
The findings show that the proportion of individuals in Salakpra that engaged in social
behavior was 20.77%. The present study offers a unique method to analyze data when making
behavioral observations of individual animals in the wild when they have not yet been identified.
Because individuals were not identified at the time of data collection and the stationary camera
traps provided variable observation lengths for the group, I did not calculate activity budgets in
the traditional way. Rather, I calculated proportions of individuals engaged in each behavior by
taking the total rate of each behavior from all locations and dividing by the total number of
elephants observed (see Figure 3). Although elephants live in complex fission-fusion societies
and their social dynamics have been widely studied in the wild and captivity (Vidya & Sukumar,
2005; de Silva et al., 2011; Irie & Hasegawa, 2009), Caravaggi et al. (2017) suggest that more
attention is needed to understand how elephants budget their time, particularly in terms of their
allocation of time to social interactions. The method used in the present study provides us with
information about how many elephants were engaged in social behavior rather than the amount
of time they engaged in social behavior, which may be more beneficial when considering a wild
population. Studies of captive elephants indicate how animals spend their time under human
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care. What is possibly more interesting is how many wild animals of the same species are
engaged in these same behaviors in a wild setting that is close to human-dominated landscapes.
In a captive setting, we know how many individuals are under human care and can closely watch
how the animals spend their time. However, in the wild, there are less opportunities to know how
animals spend their time, particularly in remote areas, or how many individuals engage in these
behaviors.
Finally, our results show that a high proportion of individuals engaged in inactive
behavior (30.08%). Although the present study analyzed the proportion of individuals engaging
in behavior, the findings can be assessed in conjunction with studies of captive and wild
elephants reporting the percentage of time spent in inactive behavior. In their study of captive
Asian elephants at a zoo in the United Kingdom, Rees et al. (2009) reported high percentages of
time spent standing ranging from 22.9%-42% among individuals, whereas Ahamed (2015)
reported 4.03%-7.44% standing behavior in wild Asian elephants in Sri Lanka. Sitompul et al.
(2013) also report lower percentages of resting behavior in wild Asian elephants in Indonesia,
accounting for 4.5%-8.7% of their activity. One reason for this high proportion of individuals in
Salakpra that engaged in inactive behavior is that elephants will stand in non-recumbent forms of
resting behavior (Holdgate et al., 2016). Since our camera trap data were collected in both day
and night hours, this may account for some of this non-recumbent resting, inactive behavior.
Another possible explanation that warrants further investigation is the difference in inactive
behavior between the two locations. It could be that elephants in the protected area are more
inactive than those around the crop field locations if they are more relaxed the further away they
are from human-dominated landscapes. Thai (2021) recently found, for instance, that elephants
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inside of the protected area had higher rates of relaxed body states compared to that of elephants
closer to the border, outside of the protected area.
Limitations
One distinct limitation is due to many students collecting the data used in the present
study. As part of a collaborative effort, the data set was compiled by several students in the
Plotnik lab. Although strict protocols were created and enforced, errors in data entry and
management may have impacted the results. Another limitation is much of the obtained footage
was excluded from analysis based on the strict criteria put in place to include observations that
did not overlap in time or viewpoint. It is important that in the present study, a camera bias might
have unknowingly occurred as there were unequal observations for each of the four locations,
N=235, 455, 125, 101 for KK, KS, MPS, and TMN, respectively, which may have biased the
study. Additionally, overall, there were unequal observations during the day and night, with a
particular bias toward night observations. There were 718 night observations and 201 day
observations, which might have impacted the results.
An additional limitation in the present study was not controlling for the risk of making a
Type I error when running multiple statistical tests (Emerson, 2020), through the use of a
statistical correction such as the Bonferroni adjustment. The use of Bonferroni has the potential
to indicate that significant results are no longer significant once compared against the adjusted
alpha (Nakagawa, 2004; Rees, 2015). The results of the present study would not be altered if the
Bonferroni adjustment was applied, such that the current alpha level of 0.05 would be reduced by
the number of tests that were conducted (0.05/2 = 0.025), however, it is not made clear when it is
required (Cabin & Mitchell, 2000) and many authors have noted that it is overly conservative
(Emerson, 2020) and would decrease statistical power (see, e.g., Nakagawa, 2004; Perneger,
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1998) while increasing the risk of making a Type II error (Cabin & Mitchell, 2000). Given that
multiple comparisons were used to assess the variables of location and time of day, resulting in
two tests run on the same large set of data, the present study did not apply a Bonferroni statistical
adjustment, to avoid unnecessary use (Rothman, 1990). In their study using scan sampling to
collect behavioral data in wild colobus monkeys (Colobus vellerosus), Wong & Sicotte (2007)
did not use the Bonferroni when interpreting the results of the Mann-Whitney U.
A traditional method to assess animal behavior is through the use of activity budgets, i.e.
number of scans engaged in each behavior divided by the total number of scans (Margulis,
2016). Although our study did not calculate traditional activity budgets for this group of wild
Asian elephants, it is important to acknowledge previous behavioral studies that have used
activity budgets with zoo elephants and a few wild populations of Asian elephants outside of
Thailand. Utilizing activity budgets to study elephants in captivity, researchers have found
individual variation in preference for indoor versus outdoor enclosures, elephants performing
fewer repetitive behaviors when given outdoor access overnight, and activity budgets that closely
resemble that of wild elephants (Powell & Vitale, 2016). Other observations of captive
elephants demonstrate variability in individuals’ activity during the day. For example, one
individual spent 20% of the day using enrichment items while another individual spent only 4%
(Lukacs et al., 2016). Additionally, behavioral observations have shown that activity can be
affected by housing (Lukacs et al., 2016; Horback et al., 2014), season (Posta et al., 2013; Rees,
2009), time of day, age, and sex (Rees, 2009).
The methodology used in the present study is potentially limiting, given that activity
budgets were not determined using traditional methods for calculating distributions of behavior;
however, the method employed in this study is best when using instantaneous scan sampling
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without a set number of individuals in each scan or a standardized number of scans per
observation. The present study evaluated proportions of individuals engaged in various behaviors
to provide an overview of elephant behavior, while also comparing rates of behavior between
locations and times of day. To conduct behavioral observations on individuals in a wild
population when they are not identified, the methodology corrected for the total number of
observed individuals; however, this could be a limiting factor for the study since pairing
behavioral data with specific individuals would result in a more accurate record of behavior.
Future Research
There is considerable variability in how activity budgets are analyzed across species and
environments. This makes it difficult to determine a standard way of collecting activity budget
data. For instance, time spent performing a particular behavior can vary from day to day
(McKay, 1973), and activity patterns of wild and captive animals can vary widely (e.g., Asian
elephants: Rees, 2009; Powell & Vitale, 2016). From these previous observations of Asian
elephants, for instance, comparisons have been made between the activity budgets of captive and
wild populations. Lukacs et al. (2016) note that their observations of Asian elephants in a
zoo showed much less time eating than their wild counterparts, and Powell & Vitale
(2016) report that elephants that were provided outdoor access at night had a similar activity
budget when compared to wild elephants. Future studies would benefit from activity budgets
calculated in the traditional method by pairing behavior to individually identified wild elephants,
which will allow for closer comparisons to captivity. Activity budgets can be a helpful metric for
comparing behavior across conditions and contexts (Owen-Smith, 1998; Yamanashi & Hayashi,
2011).
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While the present study mainly focused on social behavior, other behaviors warrant
further investigation, especially when the identity of the individuals is known. I encourage future
studies to expand on the analyses to more closely investigate certain behavior(s) from the current
ethogram, such as rest, sleep, social touch, and various foraging behaviors like browsing and
grazing. Additionally, future investigations may want to include play behavior, cultural
transmission, or mimicry. Although play behavior was not included in the present study, it is
known that amongst elephant calves, as well as older adults, play behavior is a form of tactile
communication that occurs often in social interactions (Vidya & Sukumar, 2005). Webber and
Lee (2020) found that wild elephant calves of both species spend less time engaged in play
behavior than captive elephant calves. Moreover, they discovered that captive Asian elephants
were overall engaged more in play compared to captive African elephants and wild elephants of
both species, and that wild Asian elephants engaged in more play than wild African elephants
(Webber & Lee, 2020). This further demonstrates the behavioral variability that can be
represented in activity budgets in both captive and wild settings.
Lastly, the present study looked at certain behaviors occurring based on time of day.
Future investigations could expand this to look for an interaction between time of day and
location. Specifically, it would be interesting to investigate if certain behaviors occur more often
at certain times of day in one location or another. It is likely that elephants will engage in
locomotion more in the nighttime at the crop locations than in the nighttime at the watering
holes, for example. One reason for this is that elephant groups may be more nocturnal in humandominated areas (Vidya & Sukumar, 2005). Our research location also experiences HEC, and
crop-raiding (a form of HEC) is more likely to occur at night than during the day. One study on
Asian elephants in India indicated that the study group crop-raided more at night than during the
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day and the likelihood of crop-raiding peaked as distance from protected areas decreased (Naha
et al., 2020). Another study indicated that 20+ farmers in Thailand reported elephants cropraiding 200-365 nights per year (Parr, et al., 2008). This is not unique to Asian elephants as
noted by Graham et al. (2009), who showed that African elephants were active in humandominated areas more at night than during the day. Lastly, given that elephant groups might be
more nocturnal near human-dominated landscapes and that crop-raiding is more likely to occur
at night (Vidya & Sukumar, 2005; Parr, et al., 2008), elephants near the crop fields might spend
more time engaged in locomotion during the nighttime than the daytime since they are travelling
on the paths to the fields. Finally, given that crop-raiding is predominantly performed by males,
and the results of the present study suggest that social behavior occurred at lower rates at the
crop field locations, I suggest that future studies investigate the diverse relationships between
sex, location, and behavior.
Conclusion
This study contributed to our understanding of the behavior and demographics of wild
Asian elephants in Thailand by using video recordings from camera trap data. Monitoring this
population residing inside the Salakpra Wildlife Sanctuary in Thailand is important because they
are a breeding group in a conservation hotspot. The present study informed us that this wild
population is engaging in typical species-specific behaviors, such as locomotion and social
behavior. More importantly, it appeared that human-dominated landscapes in this area of
Thailand affect the rate that social behavior occurs, such that elephants are more social at
locations further inside the protected area. This can aid in our understanding of wild Asian
elephant behavior and the effects human-based threats have on their lives. Understanding how
humans are impacting elephant behavior is crucially important to conserving wild populations, as
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well as understanding behavioral flexibility in elephants in general. Since the current study
suggested that social behavior of wild Asian elephants is impacted by proximity to humans, it
will take a collective effort and the use of new tools, such as camera traps and video recording, to
create novel strategies for mitigating human-elephant conflict and promoting coexistence
between the humans and elephants that must share disappearing habitat.
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